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ABSTRACT 
A 10 km2 portion of a subsolvus, syntectonic or posttectonic grano-
dioritic intrusion located about 16 km east of Kenora, Ontario was ex-
tensively sampled for study by petrographic modal analysis and trend 
surface analysis. The Dogtooth pluton, the main intrusive body sampled, 
is part of a granitic batholith known as the Dryberry dome, which is 
interpreted to have been intruded into supracrustal volcanic and sedi-
mentary rocks about 2480 million years ago during the Kenoran Orogeny. 
The Longbow pluton, which was also sampled, occurs at the west margin of 
the Dryberry dome in contact with the supracrustal rocks to the west of 
the study area. 
The rocks of the Dogtooth pluton are pink, fine- to medium-grained, 
and have either hypidiomorphic granular or allotriomorphic granular 
texture. The rocks are characterized over much of the study area by the 
presence of polycrystalline quartz aggregates up to 2 cm in diameter. 
The pluton is approximately 75 percent granodiorite or trondhjemite in 
composition at the present level of exposure, with the remainder of the 
samples being quartz monzonite, granite, monzonite, and syenite. The 
average composition of the rocks sampled is 28.4 volume percent quartz, 
46.9 percent plagioclase, and 19.7 percent alkali feldspar, which falls 
very close to the ternary eutectic for the KA1Si 3o8-NaA1Si 3o8-sio2 system. 
The rocks analyzed are low in mafic mineral content, averaging only about 
0.7 volume percent biotite and 0.2 percent opaque minerals as the only 
mafic minerals. 
X 
The country rocks which the Dogtooth pluton intrudes are_ gneissic 
tonalites, gneissic trondhjemites, and amphibolite. Trend surface 
analysis shmvs a strong inversely proportional relationship between pTa-
gioclase and alkali feldspar and a moderate inversely proportional rela-
tionship between alkali feldspar and quartz. These trends may be caused 
by cooling temperatures and water vapor pressures in the first case and 
differentiation in the second case. The processes operative during the 
emplacement of the Dogtooth pluton were probably forcible intrusion, 
stoping, and, less important, assimilation. Some areas of fine-grained 
rocks within the pluton may represent conduits for residual fluids from 
the crystallization of the pluton. 
The rocks of the Longbow pluton are gneissic trondhjemites and 
gneissic tonalites. They are medium-grained, whitish gray to dark gray 
in color and have hypidiomorphic granular texture. There are at feast 
three different intrusive phases within the pluton, with two earlier 
phases present as xenol iths in a later phase. Amphibolite xenoliths are 
also common in all three phases. The mafic minerals present are mainly 
biotite (5-15 volume percent) with a trace of amphibole. The quartz 
content averages over 20 percent for the rocks analyzed. The Longbow 
pluton appears to have assimilated large amounts of amphibol ite and 
converted the amphibole to biotite, possibly indicating high water vapor 
pressure~ during emplacement. 
xi 
INTRODUCTION 
In this study a small portion (about 10 km2) of a Precambrian 
granitic pluton was chosen for petrographic study to provide insights 
into some of the trends of compositional variation and the processes 
affecting them during the crystallization of a granitic pluton. The 
Dogtooth pluton, the western portion of which was chosen for this study, 
outcrops between Longbow Lake and Dogtooth Lake about 16 km east of 
Kenora, Ontario (Plate 1. Figure 1). This region is part of the tectonic 
subdivision of the Canadian Shield known as the Western Superior Province, 
which experienced an episode of granitic batholith emplacement approxi-
mately 2480 mi J.1 ion years ago (Price. and Douglas, 1972; Douglas, 1972). 
The initial objectives of the investigation were: (1) to collect samples 
of the rock types present in the Dogtooth pluton and to study composi-
tional variation within that pluton, (2) to sample and study the relation-
ships of the rock types present in the Longbow and Dogtooth plutons, (3) 
to determine the sequence of events which occurred in this area during 
and after the emplacement of the granitic rocks of the Dryberry dome or 
batholith, and (4) to determine the processes operative during emplace-
ment of the Longbow and Dogtooth plutons and possible sources of the magma. 
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Fig. 1. Location map of the study area, southwestern Ontario 
(after ·Price and Douglas, 1972). 
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METHODS 
Field Investigations 
Field investigations duri~g the summer and fall of 1974 consisted 
of coverage of the entire study area on foot for the purpose of sampling 
the rock types present and measuring foliation and jointing (Plate l). 
A total of 136 samples was collected from the predominant rock types. 
The geology was mapped with the aid of aerial photos and 1: 50,000 
scale topographic maps. A photographic enlargement of the topographic 
maps was used as a base map for Plate 1. Samples of the Dogtooth pluton 
were collected along north-south and east-west traverses across the areas 
of outcrop. The sampling areas were determined by a north-south, east-
west grid system with a grid spacing of 230 m. If possible, one sample 
was collected from each grid square. The road cuts along Highways 17 
and 71 were closely examined, as they offer some of the best exposures 
of geologic relationships. 
Laboratory Investigations 
Laboratory investigations consisted of examination and modal 
analysis of 104 thin sections of the rocks of the Dogtooth pluton and 
other rock types. The main purposes of the petrographic study were to 
determine textural and compositional variations within the Dogtooth 
pluton and to try to determine accurately the compositions of the other 
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rock types sampled. One thousand points were counted on each thin sec-
tion using a Leitz mechanical stage, with the grid spacing for almost all 
samples being 0.3 mm, slightly Jess than one half the average grain 
radius of the finest rocks examined, as suggested by Solomon (1963). A 
number of thin sections were stained for potassium feldspars. The 
potassium feldspars in the remaining thin sections were identified using 
criteria developed from the study of the stained sections. Reproducibi-
lity of the modal data for the major mineral phases (quartz, plagioclase, 
alkali feldspar) was tested by recounting of thin sections (Appendix D). 
The data were consistently within the 95% confidence limits as established 
by Van der Plas and Tobi (1965). The composition of the plagioclase 
feldspar was determined by refractive index methods as outlined by 
Phillips (1971). Results are given in Appendix E. 
Trend Surface Analysis 
A trend is defined geologically as the systematic change of a 
variable over an area. Trend surface analysis is a mathematical method 
by which map data may be subjectively separated into two components, one 
of a regional nature and one due to local fluctuations. This is ac-
complished by redefining a trend as a linear function of the coordinates 
of an observation, so constructed that the squared deviations from the 
trend are minimized (Davis, 1973). This is essentially an application 
of the least squares method, whereby the residual values or squared 
n 
deviations from a trend (S = EZ. observed - z. calculated) are minimized 
I I i=l 
(Krumbein and Graybill, 1965; Davis, 1973). The trend surface is ap-
proximated through the computation of polynomial functions. The general 
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equation of a three-dimensional linear trend surface is: 
z =a+ bx+ cy 
where x and y are the independent geographic coordinates and z is some 
observation or dependent variable and a. b, and care constants. By 
computing higher degree equations, a surface of better fit {a reduction 
r / 
of the sum of squares) is produced. 
The trend of some variable for a large number of data points may be 
evaluated through the construction of contour lines of equal value. The 
contour lines represent the dependent variable z, plotted on a rectil i-
near grid which represents x and y, the independent geographic variab1es. 
This method is especially effective if the data points are clustered and 
incomplete or if z shows much local fluctuation or 'noise'. The use of 
a statistical method for determining the trend and plotting contour lines 
extracts the most information from the data and eliminates the subjective 
errors of hand-drawn contours. 
Computation of higher degree equations requires the use of digital 
computers. Several programs are avai1able which will perform the compu-
tations and plot the contours and residual values. The program used on 
the Dogtooth pluton data was adapted from Good's {1964) program for the 
IBM 1620 by Heiner and Geller {Heiner and Geller, 1967) for the IBM 
370/135 by eliminating the ALPHA subroutine for handling logical IF 
statements. It was further modified for this study by the elimination 
of overlay subroutines CHAIN and CHNXIT because of increased storage 
available in the IBM 370/135. 
This program will compute, for 28-500 data points, the first through 
sixth-degree equations, list x, y, z, calculated z and residual values, 
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compute error measurements, plot and contour the calculated z values and 
plot the residual values for each surface. The error measurements are: 
Total variation -- V = E (z. - z) 2 where i is the ith data point 
j = 1 ' I 
and z = .!. z., and n = number of data points. 
n I 
n Variation not explained by the surface -- S = E (z. observed -
i = J I 
Zj calculated}2 
Variation explained by the surface -- E = V - S 
The coefficient of determination -- T = E/V 
The coefficient of correlation -- L = T112 
Standard deviation D = (S/N} 112 
The percentage of the total variation accounted for by a certain 
surface is equal to the coefficient of determination multiplied by one 
hundred. 
The data input is the modal data on quartz, plagioclase, and alkali 
feldspar volume percentages as determined by point count methods. First-
through sixth-degree surfaces were calculated and contoured for each 
variable, their residuals were plotted, and their error measures were 
computed. In addition, product-moment correlation coefficients for the 
three variables measured were computed utilizing a statistical program 
developed by the Academic Programming Department of the University of 
North Dakota. 
Discussion of Previous Investigations 
The general Precambrian geology of the northern lake of the Woods 
region has been previously studied by many investigators, among them 
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Bell (1873, 1883), Lawson (1885), Parsons (1913), Suffel (1931), Thomson 
(1937), Goodwin (1965), and Wilson and others (1972). Current geologic 
and geophysical work is presently being done by the University of Manito-
ba Centre for Precambrian Studies (Ziehlke, 1973, 1974, 1975a, b, c; 
Ayres, 1974a, b, c; Brisbin, 1974; Sie, 1974; Campbell, 1974). Unpub-
lished masters theses on the geology of this area were done by Riley 
(1965) and Hodgkinson (1968). The studies by Hodgkinson and Ziehlke are 
the only detailed studies known to the author on the petrology of the 
intrusives in the study area. As in most of the Canadian Shield, most 
of the geologic investigations have been concerned with the ~reenstone 
(volcanic-sedimentary) belts because of the mineral deposits associated 
with them. Much less work has been done on the geology of the granitic 
batholiths which have intruded the greenstones. Bell (1873, 1883), 
Lawson (1885), Parsons (1913), and Thomson {1937) were mainly concerned 
with the geology of the greenstone belts and mapped plutonic rocks and 
gneisses as undifferentiated 11granite". Suffel (1931) worked mainly 
around Bigstone Bay on Lake of the Woods and mapped the contact of the 
greenstone belts with the Dryberry dome (Goodwin, 1965), Goodwin's study 
describes the structural geology of the area, especially as related to 
the emplacement of the batholithic units. Riley (1965) and Hodgkinson 
(1968) studied the area around the Kenora Airport, Longbow Lake, and the 
western half of Dogtooth Lake, doing respectively, a gravity study ~nd a 
field-petrographic study. Riley compiled Bouguer anomaly and density 
variation maps for this region. As would be expected in the case of 
granitic rocks of similar density in intrusive relationship, no definite 
pattern is present other than a general increase (from about -50 to -10 
mill igals) as the greenstone belts are approached from the western part 
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of Dogtooth Lake. Hodgkinson (1968) recognized the intrusion of three 
successive granitic units, 1isted in order of decreasing age - the 
Longbow granodiorite gneiss, the Dogtooth granodiorite, and the Dogtooth 
Jeucoadamellite. Hodgkinson recognized other granitic intrusive phases 
on the periphery of the Dryberry dome. About 16 km northwest of Dog-
tooth Lake a gneissic quartz diorite phase containing many greenstone 
xenoliths was described. Another phase, the Hilly Lake biotite grano-
diorite, outcrops about 13 km west-northwest of Dogtooth Lake. Hodgkin-
son described it as a gray, medium-grained biotite granodiorite with a 
weak foliation and recognized an intrusive breccia along its contact 
with the greenstones. He attributed the unusual mafic character of the 
granodiorite in the breccia zone to partial assimilation of mafic xeno-
liths. Hodgkinson also noted the occurrence of a porphyritic quartz 
monzonite (adamellite} stock which intrudes the greenstones about 14 km 
west-northwest of Dogtooth Lake. He described it as oval in shape, 
having sharp contacts with the greenstones, and with dikes of the porphy-
ritic quartz monzonite cutting the greenstones in several places around 
the margin of the pluton. 
Ziehlke (1973, 1974, 197Sa, b, c) has begun a broad study on the 
geology of the Aulneau batholith, a large batholith located about 3S km 
to the southwest of the Dogtooth Lake-Longbow Lake region. 
In this study the Dogtooth leucoadamellite of Hodgkinson (1968) is 
interpreted as an apophysis of the Dogtooth p1uton and descriptions of 
this rock type will be included under the rocks of the Dogtooth pluton. 
The Dogtooth granodiorite of Hodgkinson wi11 also be referred to as part 
of the Dogtooth pluton. Three intrusive phases of the Longbow grano-
diorite gneiss of Hodgkinson are recognized in this study and will be 
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referred to as the Longbow dark gray gneissic tonalite, the Longbow 
whitish gray gneissic tonalite, and the Longbow light gray gneissic 
trondhjemite. The first two phases may be gradational, as they differ 
only in proportions of minerals present and both occur as xenoliths 
within the Longbow light gray gneissic trondhjemite. These three intru-
sives are considered to be part of the Longbow pluton. 
GEOLOGIC SETTtNG 
Topography 
The topography of the Dogtooth Lake-Longbow Lake region ls typical 
for glaciated portions of the Canadian Shield. The relief is low (about 
70 m maximum local relief) and marshes and swamps are very common because 
of the poor drainage. The bedrock is either exposed or near the surface. 
In topographically high areas there is almost continuous outcrop (75% 
or greater). The topography of the main sampling areas of the Dogtooth 
pluton consists of a series of roughly north-south trending ridges with 
steep sides (in many cases joint surfaces) separated by broad low-lying 
areas. The ridges are variable but average about .3 km in width. The 
low-lying areas are overgrown with heavy brush and often are underlain 
by a layer of bedrock rubble about m thick containing individual 
blocks of about .3 - .5 m diameter. The outcrop surfaces are either 
rounded exfol iation surfaces or planar joint surfaces. Many of the 
outcrops are overgrown with moss and lichens, with trees often rooted 
directly in the bedrock joints. 
Evidence of glaciation is common. Glacial striations with an 
average trend of N48E are present on an outcrop of the Dogtooth pluton 
along Highway 71. This trend agrees with published trends of glacial 
striae in this region (Douglas, 1972). Boulders similar to rock types 
found within the Dogtooth pluton up to 2 m diameter are found atop a 
hill which consists of outcrops of Longbow pluton rocks. Since this 
11 
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hi 11 is about 2 km from the nearest outc raps of the Dogtooth p I u ton, j t 
seems to indicate at least 2 km of glacial transport. The sharp joint 
surfaces and the rubble located between ridges suggests that there may 
have been extensive quarrying by the glacial ice as it moved to the 
southwest, perhaps plucking along joints as it advanced. Much of the 
present topography may be strongly influenced by the interaction of 
glacial erosion and local joint patterns. Many of the lakes, including 
Dogtooth lake, Longbow Lake, I sabe 11 a Lake, Barnes lake, Stokes Lake, 
and numerous unnamed lakes, have either pronounced north-south, east-
west trends or northeast-southwest, northwest-southeast trends which may 
indicate local joint patterns. Many (at least a dozen) small streams 
and ridges also follow these trends. 
Regional Geology 
The study area is located in the Superior Province, a major tectonic 
subdivision of the Canadian Shield. The Superior Province is differen-
tiated from the rest of the Precambrian craton on the basis of structural 
trends and radiometric dating (Douglas, 1972). The structural trends 
are related to orogenic activity associated with the extrusion of 
great volumes of lava, the deposition of sediments, complex deformation, 
region?! metamorphism, and granitic intrusion (Wilson and others, 1972). 
The metamorphic, deformational, and plutonic activity is known collec-
tively as the Kenoran Orogeny. Radiometric dating of the emplaced 
plutons gives a mean value of 2480 million years (Douglas, 1972). 
The western Superior Province has been tentatively subdivided into 
major east-west trending subprovinces with characteristic tectonic-
lithologic associations {Wilson and others, 1972). The study area is 
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located in the northern part of the Kenora block, as defined by Wilson 
and others (1972). It is typical of one of the major types of tectonic-
lithologic associations. It consists of belts of tholeiitic and calc-
alkaline volcanic sequences with minor interlayered sediments (largely 
shales and volcanic wackes) intruded by oval-shaped diapiric granitic 
intrusions. These intrusions are mainly calc-alkaline but tend to become 
more potassic for late-stage intrusions (Price and Douglas, 1972). 
Moderate deformation of the volcanic-sedimentary series preceded intru-
sion of the granitic diapirs and strong differential shear accompanied 
their emplacement (Price and Douglas, 1972). This shearing produced a 
well-developed, steeply dipping to vertical foliation. Regional as well 
as local thermal metamorphism accompanied the intrusion of the granitic 
plutons. The majority of the volcanic-sedimentary belts are in the 
greenschist metamorphic facies, but some areas are highly metamorphosed 
and contain rocks of the amphibolite or granulite facies. 
A second major tectonic-lithologic association occurring in the 
western Superior Province is shown in the English River gneissic belt. 
On the basis of recent investigations {Beakhouse, personal communication, 
1976) a major subdivision of the western portion of this subprovince 
has been defined. The northern flank of the subprovince, referred to 
as the Ear Falls-Manigotagan gneiss belt, is predominantly sedimentary 
gneiss derived from the regional metamorphism of a major Precambrian 
sedimentary basin. The southern portion of the subprovince, the Winnipeg 
River batholithic belt, is predominantly composed of plutonic rocks 
with subordinate felsic gneisses and minor occurrences of metavolcanic 
and metasedimentary rocks. This belt is interpreted as recording the 
almost complete obliteration of a greenstone belt by felsic plutonism. 
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Three common structural trends are seen in the strike of the green-
stone (volcanic-sedimentary) belts, northeast, northwest, and east-west. 
The greenstone belts usually are synformal and the large granitic intru-
sions occupy antiformal positions of steep isoclinal folds (Price and 
Douglas, 1972). Wrench faulting is also a common structural element. 
The axes of the oval-shaped granitic plutons are usually preferentially 
aligned parallel to the trend of the greenstone belts. A series of 
east-west trending faults appears to have formed during the last stage of 
orogenic activity (Price and Douglas, 1972). 
The batholithic units underlying a large portion of the Superior 
Province have received little attention because of their lack of economic 
ore deposits. Some detailed studies of granitic rocks have been done on 
small plutons emplaced in the greenstone belts (Heimlich, 1965, 1966). 
The granitic plutons of the Superior Province seem to be of two 
major types. One type consists of large, syntectonic mesozonal to 
catazonal batholithic complexes. The other includes small stocks, sills, 
batholiths, dikes, and sheets which are epizonal to mesozonal and may 
be pretectonic, syntectonic, or posttectonic (Price and Douglas, 1972). 
The Dryberry dome appears to be of the first type. The syntectonic 
granite batholiths are usually heterogenous in composition. They range 
in composition from gabbro to granite, but trondhjemite, granodiorite, 
and quartz monzonite make up about 85 percent of the rocks, with most 
of the rest being quartz diorite (Price and Douglas, 1972). Older 
portions of the batholiths are generally mafic quartz diorite or trondh-
jemite and the youngest portions, other than aplite and pegmatite dikes, 
are leucocratic quartz monzonite. The rocks range from strongly 
foliated to massive, with some larger units showing strong foliation at 
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the margins and weak or no foliation concentrically inward toward the 
center. Late-stage apl ites and pegmatites commonly occur in the batho-
liths and are usually quite potassic (Price and Douglas, 1972). 
The contacts between the greenstone belts and other supracrustal 
units and plutons vary from concordant to discordant and from sharp to 
gradational (Price and Douglas, 1972}. Angular to lenticular xenoliths 
of supracrustal rocks are usually abundant near the contacts of the 
plutons and are sparse elsewhere. Occasional xenol ith-rich zones some-
times occur well within plutons. The foliation in the margins of plutons 
is generally parallel to their contacts and is thought to be related to 
the emplacement of the plutons and not to subsequent deformation {Price 
and Douglas, 1972}. 
The Kenora block has an extremely thin granitic crust, about 12 km 
thick {Wilson and others, 1972}. The depths of individual greenstone 
belts range from 6 to 12 km, based on interpretations of gravity anomalies 
{Wilson and others, 1972). The greenstone belts seem to extend almost 
to the bottom of the granitic upper layer of the crust. The Red Lake 
block, which lies to the north of the Kenora block and has the same 
characteristic tectonic-lithologic association, has a granitic crust 
thickness of 20 km {Wilson and others, 1972). The percentage of out-
crop of greenstone and granitic rocks in the two subprovinces is nearly 
identical {about 50% each). This seems to indicate that the Kenora 
block might be very deeply eroded and that this tectonic-lithologic 
association may be uniform in their cross-sectional rock type distribu-
tion for at least part of their vertical extent. 
Aulneau Batholith 
The Aulneau batholith, a granitic batholith in the western Superior 
Province, about 80 km southwest of the Dryberry dome, is currently being 
investigated by researchers from the Centre for Precambrian Studies at 
the University of Manitoba. They are studying the petrology, age, struc-
tural relations, metamorphism, and mode of emplacement of the batholith. 
The Centre for Precambrian Studies has recorded a preliminary Rb/Sr 
date for the Aulneau batholith of 2660 million years (Ziehlke, 1973). 
The batholith consists of mainly trondhjemlte, granodiorite. and quartz 
monzonite. In the major phases recognized in the batbollth, there is a 
general differentiation trend from trondhjemite through granodiorite to 
granodiorite-quartz monzonite, with the more mafic intrusives being 
located on the periphery of the batholith. Complex relationships in-
volving gradation of phases within the batholith have been observed. 
· The composite character of the batholith and its regular oval shape 
suggest a single emplacement episode for the batholith at its present 
level of exposure (Ziehlke, 1973). There Is much evidence of cataclasis 
during emplacement, with many phases containing broken and rounded 
feldspar crystals. The number of phases occurring within the batholith 
(at least 11 are now recognized) and evidence of brittle and semi-brittle 
deformation in early-formed phases tend to suggest a complex intrusive 
history (Ziehlke. 1973). Two possible interpretations may be made: 
(1) emplacement of the batholith as a single mass in which the various 
phases were already mixed or (2) a composite intrusion, the exterior 
shape of which was established early in the intrusive history, with later 
intrusive phases producing the complex relationships existent within the 
ba tho 1 i th. 
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The metamorphism associated with the emplacement of the Aulneau 
batholith appears to have been very minor. There are minor thermal 
effects on the margins and chloritized shear zones. Late-stage potassic, 
siliceous, and iron-rich hydrous solutions were intruded into the coun-
try rocks through permeable shear zones (Zieh1ke, 1973). 
The main alteration seen in the Aulneau batholith is late-stage 
alteration affecting plagioclase and mafic minerals, altering them to 
epidote, clinozoisite, sericite, and carbonate (Ziehlke, 1974). 
The foliation present within the intrusive phases of the batholith 
is parallel or sub-parallel to the contacts near the margins and inter-
nally is complex. 
Other Batholithic Units in the Area 
Dryberry Pluton 
The first reconaissance geology around Dryberry Lake, which Ties 
at the center of the Dryberry dome,. was done in 1975 (Ziehlke, 1975b). 
The rocks of the area consist largely of a single phase, a medium-
grained, pink granodiorite to quartz monzonite with minor occurrences of 
fine-grained, pinkish red granodiorite and seriate porphyritic quartz 
monzonite (Ziehlke, 1975b). Further study would be helpful in relating 
these intrusives to the rocks of the Longbow and Dogtooth Lake plutons. 
Atikwa-Niven Batholith 
The first reconaissance geology of the Atikwa-Niven batholith (Fig 
1) was also done in 1975 (Ziehlke, 1975c). A single day traverse was 
taken in the Osbourne Bay area (Eagle Lake) between Bear Narrows and 
Whiteclay Narrows. A large variety of rock types was observed, ranging 
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from fine-grained amphibolite xenoliths in medium-grained diorite, to 
fine- and medium-grained gray trondhjemite, to fine- and medium-grained 
granodioritic rocks (Ziehlke, 1975c). Some outcrops contained migmati-
tic gneissic rocks. Most of the rocks exhibited weak foliation, but 
near the Eagle Lake volcanic belt contact intense foliation and lineation 
of minerals is observed· in the granitic rocks. On the basis of this 
descriptive information, the Atikwa-Niven appears to be a multi-phase 
batholith similar to the Au1neau batholith. 
DESCRIPTIONS OF ROCK UNITS 
i j 
(The field relationships and petrography of the geologic units 
are described below and summarized in Plate 1 and Table 1) 
Longbow Pluton 
Field Relationships 
The Longbow p luton outcrops around Lo.ngbow Lake, on the western 
margin of the Oryberry dome (Goodwin, 1965). To the west it is in in-
trusive contact with the Keewatin Group greenstone belt and to the east 
it is intruded by the Dogtooth pluton. Its northern and southern 
boundaries have not been mapped, but the Hilly Lake biotite granodiorite 
mapped by Suffel (1931) and Hodgkinson (1968) appears to be composi-
tionally similar and is differentiated from the rocks of the Longbow 
pluton only on the basis of its weaker foliation. The Longbow pluton 
consists of at least three different rock types: light gray gneissic 
trondhjemite, whitish gray gneissic tonalite, and dark gray gneissic 
tona 1 i te. 
At least three different rock types are contained within the 
Longbow pluton as xenoliths. The most common type is amphibolite, which 
may be found either as distinct xenoliths within the intrusive rocks of 
the Longbow pluton or as large sheared blocks which may be screens or 
roof pendants. 
Xenoliths of a medium-grained, strongly foliated, dark gray gneissic 
tonalite, which weathers to a light gray, are also found in the Longbow 
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pluton. They appear as large blocks within the youngest intrusive phase, 
a light gray, medium-grained gneissic trondhjemite. In areas where 
amphibolite xenoliths within the dark gray gneissic tonalite appear to 
have been resorbed, the tona]ite takes on a very dark color. 
A third type of xenolith occurring in the Longbow pluton is a 
whitish gray, medium-grained, strongly foliated gneissic tonalite in 
which the foliation is defined by parallel orientation of blot1te 
grains. It is gray white on fresh surfaces and weathers to a dull gray 
color. An additional xenolith of fine-grained, light gray gneissic 
rock (possibly trondhjemitic) was seen at one outcrop. It is light gray 
on fresh surfaces and weathers to a medium gray. It appears to be 
similar to the light gray gneissic trondhjemite except for its texture. 
To the northwest of the study area, Hodgkinson (1968) described a 
quartz diorite intrusive in contact with the greenstone belt. This may 
be a remnant of an early-formed marg~nal intrusive in the batholith. 
The main intrusive phase of the Longbow pluton is a light gray 
gneissic trondhjemlte with a weak foliation defined by parallel arrange-
ment of biotite flakes. It is generally light gray on fresh surfaces 
and dark gray on weathered surfaces. 
The Longbow pluton is cut by many younger intrusives, most of them 
dikes of variable composition. In areas away from the contact with the 
Dogtooth pluton, the majority of the dikes are light gray, fine-grained 
granitic rocks (possibly trondhjemites), with aplitic and pegmatitic 
d'ikes also present. As the contact with the Dogtooth pluton is ap-
proached, the aplitic, pegmatitic, and medium-grained pink granodiorite 
dikes become more abundant. Several medium-grained, quartz-rich pink 
granodiorite dikes intrude the Longbow pluton along Highway 71 about 
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2-3.km south of.Longbow Corners. The dikes are intruded parallel to a 
prominent joint set with an average trend of N40E dipping 75 degrees 
toward the west which is adjacent to the contact with the Dogtooth 
pluton. These dikes appear to be similar to the rocks of the Dogtooth 
pluton in both texture and composition. The general sequence of the 
intrusion of the dikes in this area, as determined by cross-cutting 
relationships, is, from oldest to youngest, gray (possibly trondhjemitic) 
dikes, medium-grained granodioritic dikes, pegmatitic dikes, and aplitic 
dikes. 
The Longbow pluton is well jointed and the outcrops along Highway 
71 and 17 expose these joints well. The majority of these dikes have a 
northwest-southeast trend and have a variable dip (Plate 1}. Trends of 
joints within the Longbow pluton are clearly visible on aerial photo-
graphs and appear to extend well beyond the limits of the study area. 
Petrographic Descriptions 
The light gray, weakly foliated to massive gneissic trondhjemite of 
.the Longbow pluton consists of subhedral plagioclase, anhedral quartz 
and microcline, and euhedral to subhedral biotite. The texture is 
medium-grained hypidiomorphic granular. Accessories include hornblende, 
apatite, zircon, sphene, opaque minerals, and possibly rutile. Altera-
tion products include sericite, epidote, calcite, chlorite, and opaque 
minerals. 
The plagioclase is strongly zoned, with the cores of the zoned 
crystals preferentially altered to sericite and epidote. It ranges in 
composition from An20-An30 . Alteration is also visible along cleavage 
cracks in the plagioclase. Plagioclase exhibits albite, pericline, and 
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Carlsbad twinning. Myrmekitic intergrowths of quartz and plagioclase 
are common. 
The quartz is clear, anhedral, and exhibits undulose extinction. 
Inclusions within the quartz, often in the form of small bubbles or 
vesicles, are sometimes arranged in linear patterns. 
Microcline and microcline perthite are generally present as small, 
interstitial anhedral grains. There is about 10 percent plagioclase 
within the microcl ine perthite, generally in the form of strings or beads. 
Beads of microcline within plagioclase grains are also present. Micro-
cline and microcline perthite exhibit Carlsbad and microcline twinning. 
The biotite is pleochroic with X = brownish green and Z = Y = dark 
green. Its refractive index (Z, Y} ranges from about 1.638 to 1.648. 
The biotite is often in a subparallel orientation in the foliated rocks. 
Apatite, zircon (often surrounded by pleochroic haloes), and possibly 
rutile (as long, acicular red brown crystals) occur as inclusions within 
the biotite. Epidote is in association with biotite and also in fine 
granular aggregates within plagioclase. 
The dark gray, strongly foliated gnessic tonalite of the Longbow 
pluton consists of large subhedral plagioclase grains, anhedral quartz, 
and euhedral to subhedral biotite. Its texture is hypidiomorphic granu-
lar. Common accessories include apatite, zircon, hornblende, sphene, 
opaque minerals, and possibly rutile and allanite. Alteration products 
include sericite, epidote, chlorite, calcite, and opaque minerals. 
The plagioclase is mainly oligoclase-andesine (An22-An40) and is 
zoned. It is typically altered to sericite, fine-grained epidote, and 
fine-grained cloudy material. It shows albite, Carlsbad, and pericline 
twinning. 
23 
The quartz is typically anhedral, clear, but filled with inclusions, 
and exhibits strongly undulose extinction. Some of the inclusions with-
in the quartz are oriented in linear patterns. Quartz generally occupies 
interstices between plagioclase crystals. 
The biotite is pleochroic with X = greenish brown and Z = Y = dark 
green or X = greenish brown and Z = Y = dark brown. The refractive index 
(Z, Y) of the biotite ranges from J.631 - J.648. It commonly contains 
zircons, apatite, and possibly rutile as inclusions. The foliation rs 
defined by parallel or sub-parallel orientation of biotite grains. The 
epidote/allanite occurs with blotite in aggregates of mafic constituents 
such as biotite, epidote, chlorite, sphene, and opaque minerals. These 
aggregates, which are present in several rock types within the study 
area, will be referred to as mafic clusters. 
The whitish· gray, strongly foliated gneissic tonalite of the Longbow 
pluton is composed of large subhedral plagioclase grains, anhedral 
quartz, and euhedral to subhedral biotite. Its texture is hypidiornorphic 
granular. Common accessories include apatite, garnet, sphene, opaque 
minerals, and possibly rutile. Alteration products include sericite, 
epidote, chlorite, and opaque minerals. 
The plagioclase is oligoclase-andesine {An24-An36) and is often 
strongly zoned. It is typically highly altered to sericite and epidote 
and often is preferentially altered along cleavage cracks and in cores 
of zoned crystals. It exhibits albite, pericline, and Carlsbad twinning. 
The quartz is clear, has abundant inclusions, and exhibits strongly 
undulose extinction. It commonly occurs as large anhedral grains and 
also filling interstices. 
The biotite is pleochroic with X = greenish brown and Z = Y = dark 
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green or X =greenish brown and Z = Y dark brown. I ts refractive index 
(Z, Y) ranges from about 1.631 - 1.648. It contains inclusions of 
apatite, zircon, and possibly rutile. Some of the zircon crystals are 
about 0.5 mm long, quite large compared to the other rocks in the study 
area. The foliatlon is defined by parallel or subparallel orientation 
of biotite grains. The epidote occurs as granular aggregates with 
plagioclase and as euhedral crystals with biotite in mafic clusters. 
Rocks of the Dogtooth Pluton 
Field Relationships 
The Dogtooth pluton is a massive granitic pluton varying from fine-
to medium-grained granodiorite and trondjemite with some quartz monzonite 
and minor quartz diorite, granite, and syenite. It outcrops in the area 
around Dogtooth Lake and, except for its contact with the Longbow pluton, 
the full extent of its outcrop is unknown. The rock is generally light 
pink on fresh surfaces and dark pink on weathered surfaces. It is 
characterized over a large portion of its area of outcrop by a medium-
grained texture with large (up to 1 - 2 cm) polycrystalline quartz 
aggregates, which are not found in the fine-grained rocks. The Dogtooth 
pluton at its present level of exposure is intrusive into the Longbow 
pluton. 
Hodgkinson (1968) described the Dogtooth granodiorite as extending 
over most of Dogtooth Lake and grading from adamellite in the northern 
part of the lake to granodiorite and then amphibolite cut by granodio-
rite dikes to the south. He recognized the presence of quartz aggre-
gates as the distinguishing feature of the Dogtooth leucoadarnellite. 
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Table 1. Summary of Rock Types in the Longbow Lake-Dogtooth Lake 
Area. 
Geologic Unit: Rock Types 
Amphibolite Xe~oliths: dark gray-black 
amphibolite schist 
Longbow Pluton: A. dark gray 
gneissic tonalite; 
B. whitish-gray 
gneissic tonalite; 
C. I ight gray 
gneissic trondhjemite 
Dogtooth Pluton: A. pink intrusives, 
mainly granodiorite 
to quartz monzonite; 
B. pink intrusives, 
mainly granodiorite 
Jones Road Pluton: porphyritic quartz 
monzonite 
Dikes: A. aplites, fine-grained, 
pink to whitish; 
B. pegmatites course-
grained, pink to 
whitish; 
G. granodioritic 
medium-grained, 
light gray 
( trondhjemi ti c7) 
D. pink granodioritic 
Texture 
Nema tob last i c 
Hypidiomorphic 
granular; 
medium-grained 
idiomor:phic 
granular; 
medium-grained 
Hypidiomorphic 
granular; 
medium-grained 
Al lotriomorphic 
granular to 
hypidiomorphic 
granular; fine-
grained 
Hypidiomorphic 
granular; 
medium-grained 
Ferromagnesian 
Mineral Content 
Hornblende 
Biotite(l3-15%) 
Hornblende(tr.) 
Biotite(5%) 
B1otite(7-l l%) 
Biotite(0-4%) 
Biotite(l-5%) 
Porphyritic Biotite(2~3.5%) 
Hornb 1 ende (tr.) 
Allotriomorphic, Biotite(tr.) 
granular; fine-
grained 
idiomorphic Biotite(0-5%) 
granular; 
course-grained 
Hypidiomorphic Biotite(S-10%) 
granular; 
medium-grained 
Hypidiomorphic Biotite(0-5%) 
granular; 
medium-grained 
Structures 
Strongly 
foliated 
Strongly 
foliated 
Strongly 
foliated 
Weakly to 
strongly 
foliated 
Massive 
Quartz 
aggregates 
Massive 
Massive 
Massive 
Massive 
Polycry-
s ta J Ji ne 
quartz 
aggregates 
Occurrence 
Xenoliths within 
younger rock types 
Occurs as an in-
trusive; also as 
xenol i ths 
Occurs as an in-
trusive; also as 
xeno 1 i ths 
Occurs mainly as 
an intrusive; also 
as xenoliths 
Occurs only as an 
intrusive 
Occurs only as an 
intrusive 
Intrusive 
Intrusive 
Intrusive 
Intrusive 
Intrusive 
N 
O" 
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Fig. 2. Photomicrographs of Dogtooth pluton rocks: (a) Fractured 
plagioclase grain, quartz mineralization in fracture, 
40x, (b) deformed albite twin planes, plagioclase, 40x, 
(c) and (d) polycrystalline quartz aggregates, Bx. 
29 
The fine-grained portions of the intrusion contain almost no mafic 
minerals, with the exception of a narrow zone immediately adjacent to 
the contacts, where magnetite and minor biotite are present. The 
medium-grained parts of the p1uton generally contain chloritized biotite. 
Fine-grained rocks within the pluton are generally restricted to the 
periphery of the intrusion. 
The Dogtooth pluton rocks contain few inclusions. The only seen 
were in the medium-grained phase of the pluton near the contacts. They 
were either light to dark gray xeno1iths, possibly fragments of Longbow 
pluton rocks, or anomalous concentrations of biotite which may be par-
tially assimilated xenoliths. 
There is an obvious textural variation within the Dogtooth pluton. 
Within a single continuous outcrop of the pluton along Highway 71, 
about 0.5 km south of Highway 17, there is a gradation from fine-grained 
rocks without polycrystalline quartz aggregates near the northern contact 
with the Longbow pluton to medium-grained rock at the southern contact 
with the same unit, a distance of perhaps 0.5 km. The gradation is not 
sharp, with the size of the quartz aggregates increasing toward the 
south. Further south both quartz aggregates and feldspar increase in 
size until the texture of the rocks is medium-grained. 
Along the contacts with the Longbow pluton are small sulfide-
bearing veins which extend into the Dogtooth pluton. They contain 
pyrite, galena, and chalcopyrite.· The weathering of the fine-grained 
parts of the pluton is much less intense than that of the medium-grained 
1 parts. In many of the medium-grained ou~crop areas it is nearly impossi-
ble to obtain unweathered samples from the outcrops. The weathering 
extends to a depth of 0.3 min places. 
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The rocks of the Dogtooth pluton are extensively jointed. On many 
areas of outcrop the jointing planes are prominent as surfaces of erosion. 
The northern limit of the Dogtooth pluton consists of a series of north-
east trending joints dipping at steep angles toward the northwest. 
These joints are adjacent to a low-lying marshy area containing no out-
crops and are assumed to mark the contact in that area between the Dog-
tooth pluton and the Longbow pluton. The steep-sided valleys in many 
areas of extensive outcrop are bordered by planar surfaces, many of which 
are slickensided and epidotized, indicating at least some displacement. 
The Dogtooth pluton is cut by a few pink aplitic dikes and contains 
a few rounded pegmatitic segregations up to 1 min diameter. The medium-
grained pink dikes intruding joints in the Dogtooth pluton are similar 
to the granodioritic-trondhjernitic medium-grained phase of the Dogtooth 
pluton. These dikes are only about 5-10 mm wide and yet are consistently 
medium-grained. 
Some of the samples of the fine-grained phase of the Dogtooth pluton 
contain poikilitic alkali feldspar crystals about l - 2 cm Jong. These 
samples also contain a few quartz aggregates up to l cm in diameter. 
The contacts of the Dogtooth pluton with the Longbow pluton are 
complex. Two contacts are exposed along Highway 71, about O. I km south 
of its junction with Highway 17, One contact shows an outer zone, pink 
in color, which contains some magnetite and biotite and some small 
sulfide veins, and a light pink fine-grained inner zone. The other con-
b h · ad shows a gradatlonal tact appears to be deformed, perhaps y s earing, n . 
contact with several dikes of medium-grained, quartz-rich pink rock and 
several aplitic dikes which cut the country rock. The contact metamor-
h 1 /L gbow pluton contact is very phism associated with the Oogtoot p uton on 
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slight. The contact aureole, less than a meter in thickness, is a zone 
of pinkish color within the light to dark gray Longbow pluton rocks with 
little or no change in grain size. 
Petrographic Descriptions 
The Dogtooth pluton is highly variable in both texture and mineralo-
gy. The primary minerals present are quartz, plagioclase, and alkali 
feldspar. On the basis of modal data, they comprise approximately 95 
percent of the volume of the pluton. Accessory minerals include biotite, 
epidote, clinozoisite, zircon, apatite, garnet, sphene, and opaque 
minerals~ Alteration products include epidote, chlorite, calcite, 
sericite, and opaque minerals. The two major textural types, the medium-
grained phase containing polycrystalline quartz aggregates and the fine-
grained phase w~th hypidiomorphic granular to allotriomorphic granular 
texture, will be discussed separately. 
Medium-Grained Phase 
The medium-grained phase is characterized by the presence of poly-
crystalline quartz aggregates up to 2 cm diameter. Its texture is 
hypidiomorphic granular. It commonly contains large subhedral plagioclase 
grains, microcline and microcline perthite as large subhedral crystals 
or interstitial fillings, anhedral quartz, and euhedral to subhedral 
biotite. 
The plagioclase is mainly oligoclase (An20-An3 2) with some albite 
present as thin coatings on.grains. Many of the larger plagioclase 
grains are highly altered to serlcite and epidote. The sericitic 
alteration is usually in the form of many small tabular crystals as large 
as 1 mm in length. The plagioclase exhibits Carlsbad, albite twinning, or 
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pericline twinning. Myrmekitic intergrowths of p1agioclase and quartz 
are common. The plagioclase crystals often appear to be zoned, as the 
centers of many grains are highly altered while the rims are relatively 
fresh. 
The quartz is anhedral and occurs as polycrystalline aggregates and 
occasionally as mosaic intergrowths of recrystallized quartz. Indivi-
dual quartz grains within the aggregates seldom exceed 5 mm in diameter. 
The quartz generally exhibits strongly undulose extinction and contains 
numerous inclusions, many of which appear to be linearly arranged 
bubbles. Mosaic intergrowths of quartz are sometimes concentrated 
around the polycrystalline aggregates. Fractures are common in indivi-
dual quartz grains. 
The alkali feldspar of the medium-grained phase appears to be of 
several types. Large poikilitic microcline and microcline perthite 
grains often enclose earlier formed biotite and plagioclase grains. 
Microcline and microcline perthite also fill interstices between quartz 
and plagioclase grains. Clear, untwinned alkali feldspar also occurs as 
anhedral grains. These grains occasionally have small exsolved beads of 
albite within them. Anhedral microcline appears to have replaced 
plagioclase, as some plagioclase grains show embayed margins and over-
growths of microcline on the ends of grains. The microcline perthite 
intergrowths are either in the form of stringlets, strings, or beads, 
while antiperthitic intergrowths, which are rare in occurrence, occur 
only as beads and irregular masses. The alkali feldspar exhibits 
microcline twinning, Car1sbad twinning, or is untwinned. Perthitic 
and antiperthitic exsolution or replacement areas show both albite 
twinning and microcline twinning, respectively. 
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The biotite of the medium-grained phase is pleochroic with X = 
greenish brown and Z = Y = dark brown or X = greenish brown and Z = Y = 
dark green. The refractive index (Z, Y} ranges from 1.648 - 1.658. The 
biotite is generally euhedral to subhedral in form and is quite often 
altered to chlorite, sericite, epidote, and opaque minerals. The biotite 
often contains small inclusions of apatite and zircon. The zircon in-
clusions have pleochroic haloes which are easily discernible even in 
grains which have been completely altered to chlorite. The biotite is 
generally associated with epidote and opaque minerals in mafic clusters, 
which may represent altered earlier-formed mafic minerals. The zircons 
are generally small, the largest seen being about 0.3 mm in lenth. 
Epidote and clinozoisite occur mainly in association with plagioclase 
as weathering products or in mafic clusters. Some epidote aggregates 
are large and exhibit subhedral form. 
Fine-Grained Phase 
The fine-grained phase of the Dogtooth pluton has either hypidio-
morphic granular or allotriomorphic granular texture, with about 90 per-
cent being the former. The main distinguishing features of the fine-
grained phase are its texture and the fact that the quartz is evenly 
distributed throughout the rock. 
The hypidiomorphic granular rocks of the fine-grained phase are 
quite similar mineralogically to the hypidiomorphic granular rocks of 
the medium-grained phase. The plagioclase is oligoclase (An9-An 18) and 
generally has albite, per,icline, or Carlsbad twinning. It is typically· 
highly altered, with sericite, epidote, and fine-grained cloudy material 
as the main products. A few grains show strong zoning. Some antiperthi-
tic textures are present, with bead-like microcl ine enclosed in ollgo-
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clase. 
The quartz is anhedral, clear, and filled with small inclusions. 
It is distributed randomly throughout the rocks. 
The alkali feldspar is either microcline perthite or microcline. 
The microcline perthite occurs as large subhedral poikilitic crystals 
and as anhedral grains. The microcline occurs mainly as interstitial 
fillings and as replacements of plagioclase. The alkali feldspars 
exhibit microcline or Carlsbad twinning. 
The biotite is euhedral to subhedral and is pleochroic with X = 
greenish brown and Z = V = drak brown or X = greenish brown and Z = V = 
dark green. The index of refraction (Z, V) of the biotite ranges from 
1.648 - 1.658. The biotite is often altered to epidote, chlorite, 
sericite, and opaque minerals. It contains inclusions of apatite and 
zircon, with pleochroic haloes surrounding the zircon inclusions. The 
biotite is generally associated with eptdote and opaque minerals in 
mafic clusters. The epidote is generally subhedral and weakly pleochroic. 
Some allanite and clinozoisite are associated with the epidote. 
The allotriomorphic granular phase is composed mainly of anhedral 
grains of plagioclase, microcline, microcline perthite, and quartz. 
It contains very few mafic minerals, only magnetite (in a contact zone) 
and biotite. Some larger grains of hignly altered plagioclase and 
microcline perthite are sometimes found in the allotriomorphic granular 
rocks. 
The plagioclase is albite and oligoclase (Ana-An 14} and shows albite 
and Carlsbad twinning. Some plagioclase grains show marginal· replace-
ment by microcline. 
The quartz of the allotriomorphic granular, fine-grained phase is 
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typically clear, anhedral, contains few inclusions, and exhibits weakly 
to strongly undulose extinction. It occurs as mosaic intergrowths and 
is sometimes elongated. 
The alkali feldspars exhibit microcline and Carlsbad twinning. The 
microcline perthite is present mainly as large grains, with some 
smaller grains of microcline perthite and microcline. 
The biotite is euhedral to subhedral and pleochroic with X = greenish 
brown and Z = Y = dark green. It is commonly altered to chlorite, 
sericite, and opaque minerals. The index of refraction (2, Y) of the 
biotite varies from about 1.652 to about l.658. Small amounts of calcite 
are present as void fillings. 
Jones Road Porphyritic Quartz Monzonite 
Field Relationships 
The Jones Road porphyritic quartz monzonite (Hodgkinson (1968)), 
which may be genetically related to the Dogtooth granodiorite, outcrops 
along Highway 17 approximately one mile west of Hilly Lake. The pluton 
is oval in shape, being about J.6 km wide on the short axis and about 
3.2 km on the long axis. It has intruded the greenstones in this area. 
The porphyritic quartz monzonite is pinkish tan on fresh surfaces and 
weathers to a mottled brown color. It is texturally distinct because 
of the presence of large poikilitic potassium feldspar phenocrysts up 
to 2 cm in diameter set ~n a matrix of quartz, plagioclase, alkali 
feldspar, and biotite. 
36 
Petrographic Description 
The Jones Road Porphyritic Quartz Monzonite is composed of sub-
hedral to euhedra] poikilitic microc1ine perthite megacrysts up to I cm 
in size within a matrix of subhedral plagioclase and anhedral quartz, 
microcline perthite, and microcline. Its texture is porphyritic. 
Common accessories are biotite, hornblende, sphene, zircon, apatite, 
and opaque minerals. Alteration products include epidote/allanite, 
sericite, calcite, and opaque minerals. 
The plagioclase is oligoclase (An15-An25 ) and is possibly zoned, 
as the center of many plagioclase grains is highly altered. Albite, 
pericline, and Carlsbad twinning are seen in the plagioclase. Sericitic 
alteration is common along cleavage traces. Antiperthitic texture is 
present, with small beads of microcline within plagioclase grains. 
The quartz is generally clear, anhedral, and contains some inclu-
sions. It exhibits sharp extinction in mosaic intergrowths and undulose 
extinction in large, optically continuous grains. 
Alkali feldspar is present as microcline and microcline perthite. 
Microcline is found in the matrix and microcline perthite is found as 
both phenocrysts and also in the matrix. Some of the phenocrysts have 
a thin marginal zone of albite, somewhat similar to typical rapakivi 
texture. Carlsbad. and microcline twinning are common in the microcline 
and the microcline perthite. The microcline perthite commonly contains 
strings or stringlets (about 10 - 15 percent by volume) plagioclase 
which are sometimes preferentially altered. The microcline perthite 
poikilitically enclosed crystals of plagioclase and biotite. 
The biotite is pleochroic with X = brownish green and Z = Y = 
dark brown. The (Z, Y} refractive index of the biotite ranges from about 
37 
1.648 - l.658. Zircon and apatite are common inclusions within the 
biotite. The zircons have distinctive pleochroic haloes. Mafic 
clusters of biotite, hornblende, sericite, epidote, and opaque minerals 
are common. Hornblende is often at the center of these aggregates, 
surrounded by biotite and epidote. Some calcite is present as void 
fi 11 ings. Fractures are common around the periphery of the microcl ine 
perthite phenocrysts and sometimes penetrate them. Fracture fillings of 
quartz, epidote, sericite, and calcite are present. Sphene crystals 
are red-brown in color and appear to be zoned, perhaps by alteration. 
Some aphene appears almost opaque. 
Amph i bo 1 i te 
Field Relationships 
Amphibolite occurs within the study area only as xenoliths within 
the Longbow pluton. These amphibolite xenoliths are occasionally 
sheared and folded (schlieren zones) and may be resorbed to varying 
degrees. They are commonly either angular or tabular in shape. They 
are dark gray to black on fresh surfaces, extremely fine-grained, 
foliated, and weather to a grayish-brown color. They often contain 
small veins of sulfide minerals (pyrite, galena, and chalcopyrite) and 
in several areas large (up to 1/3 to 1/2 km Jenth) xenol iths appear to 
have been subjected to near-vertical shearing. Two major elongate zones 
of sheared amphibolite x~noliths were observed (Plate l). Both of 
these xenolith zones are oriented either parallel or sub-parallel to 
the greenstone belt-batholith contact and both dip steeply toward the 
outer margin of the batholith. These zones of sheared amphibolite 
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xenoliths are often intruded by granitic {possibly trondhjemitic) and 
aplitic dikes along their foliation. The shear zones seem to consist of 
en echelon elongate blocks of amphibolite. In some areas elongate 
amphibolite xenoliths appear to be aligned with their long axes parallel 
to the foliation of the enclosing intrusive rocks. 
Petrographic Description 
The amphibolite has a nematoblastic texture, with prismatic crystals 
of hornblende defining a strong foliation. The primary minerals are 
euhedral to subhedral hornblende and subhedral plagioclase. Accessory 
minerals include sphene, epidote and opaque minerals. Alteration pro-
ducts include calcite, biotite, sericite, chlorite, and opaque minerals. 
Veins of quartz, plagioclase, and microcline cut the amphibolite, 
generally along the foliation. Around the periphery of these veins the 
hornblende of the amphibolite is altered to biotite and chlorite. The 
hornblende is pleochroic with X = light green, V = green, and Z = dark 
green. ZAc is 20°. The biotite is pleochroic with X = light green and 
Z = V = green. The plagioclase is oligoclase-andesine {An20-An35} and 
exhibits albite and pericline twinning. The microcline occurs rarely as 
interstitial grains with microcline twinning. The quartz is clear, 
anhedral, and contains bubble-like inclusions. It has weakly undulose 
extinction. Some plagioclase grains are highly altered to sericite and 
epidote. 
RESULTS 
Field Relationships 
Dogtooth Pluton 
Within the area studied, the rocks of the Dogtooth pluton appear 
to be a late~stage apophysis of the Dogtooth granodiorite of Hodgkinson 
(1968). Evidence which supports this interpretation is their composi-
tion (lack of mafics, silica and potassium enrichment) and texture (both 
medium and fine-grained areas). The fine-grained rocks may possibly 
represent pathways of fluid migrations, while the medium-grained rocks 
seem to represent a largely crystalline intrusive phase. In the majori-
ty of cross cutting relationships observed for the aplite and pegmatite 
dikes thought to be associated with the emplacement of the Dogtooth 
pluton, the pegmatites appear to be younger, as would be expected 
(Krauskopf, 1969). In one instance, however, the reverse is true. This 
may indicate that there was more than one intrusive episode for the 
Dogtooth pluton. The occurrence of thin, medium-grained dikes intruded 
into joints in the rocks of the Longbow pluton exposed along Highway 71 
seems to indicate that the intrusive dikes were largely crystalline when 
intruded into the joints. 
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Longbow Pluton 
The variable composition of the Longbow pluton may have been caused 
by several successive intrusive episodes, with each successive intrusive 
rock partially assimilating earlier formed rocks. The xenolithic in-
clusions found within the pluton seem to support this interpretation. 
The amphibolite xenoliths are thought to represent remnants of the 
supracrustal greenstone units which the granitic batholiths of this area 
have intruded. The gneissic tonalites which occur as xenoliths may 
represent early formed portions of the batholith which were intruded by 
later phases and either assimilated or incorporated within them as 
xenoliths. It appears that the foliation in the rocks of the Longbow 
pluton may have been caused by flow during their emplacement, as the 
foliation wraps around the xenoliths and does not penetrate them. The 
rocks of the Longbow pluton appear to be simi Jar in many respects to 
the rocks of the Aulneau batholith, with many intrusive phases and 
complex relationships between the phases. 
Textural Variation 
Approximately 60-70 percent of the rocks sampled in the Dogtooth 
pluton are medium-grained, hypidiomorphic granular rocks. About 20-25 
percent of the rocks are fine-grained hypidiomorphic granular, with the 
rest being fine-grained allotriomorphic granular. The fine-grained rocks 
are all on or near the periphery of the pluton. The transitions between 
phases are gradational in all observed outcrops, with no sharp contacts 
visible within the rocks of the pluton. Dikes from the Dogtooth pluton 
which invade the country rocks are highly variable in texture, ranging 
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from aplitic to medium-grained hypidiomorphic granular to pegmatitic. 
As the main portion of the outcrop area of the Dogtooth granodiorite (as 
defined by Hodgkinson (1968}} is approached, the rocks no longer contain 
quartz aggregates and have more biotite. This transition is gradational, 
occurring over a distance of about several hundred meters. The Dogtooth 
pluton rocks are usually medium-grained even close to many of its con-
tacts, suggesting that when the rocks were intruded they might possibly 
have been partially crystalline. More evidence is seen in outcrops along 
Highway 71 about 1 - 2 km south of Longbow Corners, where dikes from the 
Dogtooth pluton only about I - 2 cm wide are medium-grained. 
Protoclastic deformation is evidenced in most of the studied thin 
sections of the rocks of the Dogtooth pluton. The deformation is 
strongest in the medium-grained phase and near the margins of the pluton. 
Brittle deformation is suggested by the presence of broken and rounded 
plagioclase grains and fractures in the rocks. Some semi-ductile or 
ductile deformation seems to be indicated by the presence of bent and 
kinked albite twin lamellae in plagioclase grains. Most of the quartz 
exhibits strongly undulose extinction, suggesting it has been stressed. 
Compositional Variation 
The majority of the samples used for modal analysis are from an ap-
proximately 3 km2 area (Appendix A, Plate 1, Figure 4). Of the 86 samples 
analyzed, 42 are granodiorites, 26 are trondhjemites, 11 are quartz 
rnonzonites, 3 are granites, 3 are syenites, and 1 is a monzonite, 
according to the classification by Petersen (1961). In looking at the 
compositional variation across the outcrop area, there seem to be three 
major anomalous which are not mainly granodiorite or trondhjemite in 
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composition. One is in the extreme western portion of the outcrop area 
and has quartz monzonites and quartz syenites. The second is in the 
northeastern portion of the outcrop area and has quartz monzonites and 
granite. The third is in the southeastern part of the sampling area and 
has quartz monzonites and granite. Two of these anomalous areas are also 
differentiable (those to the west and southeast) on the basis of texture, 
containing some fine-grained rocks along with the much more common 
medium-grained rocks (Plate l). 
The average modal composition for all samples of the Dogtooth pluton 
analyzed is 28.4 volume percent quartz, 46.9 percent plagioclase, and 
19.7 percent alkali feldspar. The rocks analyzed vary from approximately 
91 to 99 percent quartz and feldspar, with a mean of about 95 percent. 
The most notable compositional characteristic of the Dogtooth pluton is 
the almost total absence of mafic minerals. Biotite and opaque minerals, 
the only mafic mineral phases present, average only 0,7 percent and 0.2 
percent respectively. 
Trend Surface Analysis 
Interpretation of Surfaces 
Trend surface results are presented in Appendix C and in Figure 5, 
Lower degree contour surfaces are very generalized but often show major 
trends in the data. Lower degree residual plots strongly reflect the 
influence of anomalous values in the data. Higher degree surfaces 
account for a larger percentage of total variation and tend to reduce 
the residual values. This results in a more accurate contoured surface 
but areas with anomalous values do not show distinctly or at all on 
higher degree residual plots. 
As the calculation of higher degree surfaces proceeds, more and 
more of the total variation is accounted for. The calculation of still 
higher degree equations results in small increases in the amount of 
variation accounted for. It is questionable whether, as higher degree 
surfaces are calculated, they have much real significance (Chayes, 1970; 
Baird, Baird and Morton, 1971). In examining the literature on trend 
surface analysis, seldom are polynomial equations higher than sixth order 
calculated. Generally, on the trend surfaces prod~ced from the Dogtooth 
pluton data, the lower degree surfaces are fairly simple up to about 
fourth degree, when the trends become more detailed. 
Quartz 
The contoured first-degree surface indicates a quartz trend oriented 
northeast-southwest and increasing in value toward the southeast. The 
first degree residual plot shows a positive area in the western portion 
of the outcrop area. The contoured third-degree surface indicates a 
northeast-southwest elongate area of high values in the western portion 
of the outcrop area. Higher degree surfaces become more complex, with 
the sixth-degree surface accounting for 33.8 percent of the total varia-
tion. Higher degree surfaces are much more complex. The sixth-degree 
surface shows weak lows in-the western and southeastern portions of the 
study area and four areas of high values in the west and northeast, on 
the periphery of the pluton. 
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A1ka1i Feldspar 
The contoured first-degree surface shows an alkali feldspar trend 
oriented northeast-southwest and increasing in value toward the north-
west. The first-degree residual plot shows a concentration of negative 
values in the western half of the p1uton. The contoured third-degree 
surface shows a northeast-southwest elongate area of low values which 
increase outward (Figure 5). Three general areas of low values for· 
alkali feldspar on this surface in the western, northeastern, and south-
eastern portions of the study area. The trends become more complex with 
higher surfaces, with the sixth-degree surface accounting for 49.5 per-
cent of the total variation. The sixth-degree surface shows areas of 
high values in the western, northeastern, and southeastern parts of the 
study area, whi1e a 1ow area is indicated in the eastern portion. The 
residual plot for the sixth-degree surface shows no clear patterns. 
Plagioclase 
The contoured first-degree surface indicates a plagioclase trend 
oriented northeast-southwest and increasing toward the southeast. The 
first-degree residual plot shows mostly positive values in the western 
and central portions of the study area and mostly negative values in 
the eastern. The second-degree surface indicates an elongate area of 
high values oriented northeast-southwest and decreasing outward. The 
four.th-degree surface shows an area of high values in the central and 
north-central parts of the study area. Areas of low values are present 
in the western, northeastern, and southwestern areas. The sixth-degree 
surface accounts for 54.l percent of the total variation. It shows 
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areas of low values in the western, northeastern, and southeastern parts 
of the study area and high values in the western, eastern, and southern 
portions. The sixth-degree residual plot shows no clear patterns. 
Correlation of Variables 
The product-moment correlation coefficients for the variables 
considered are: quartz-plagioclase -- -0.01, quartz-alkali feldspar 
-0.59, and plagioclase-alkal i feldspar -- -0.79. These correlation 
coefficients should be indicative of relationships between these mineral 
phases during crystallization of the pluton. The coeffjcients range 
from +l.O (proportional relationship) to 0.0 (random} to -l.O (inversely 
proportional). There is a natural negative bias in any closed, three-
component system (Chayes, 1960), but the moderate to strong negative 
values of the quartz-alkali feldspar and plagioclase-alkali feldspar 
correlation coefficients appear to be significant. 
Conclusions 
The variables which should be most important in considering compo-
sitional variation within the Dogtooth pluton are alkali feldspar and 
plagioclase, for they have the most effect on the determination of the 
rock name of a sample. Comparison of the trend surfaces indicates some 
similar trends. The northeast-southwest trend is repeated many times 
on surfaces for all three variables. There is also fairly good correla-
tion between the alkali feldspar and plagioclase trends on the second-
degree surface and the quartz and alkali feldspar trends on their third-
degree surfaces (Figure 5 and Appendix C}. These surfaces al 1 account 
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for between 30 and 40 percent of the total variation except for the 
third-degree surface for quartz, which only accounts for Jess than 10 
percent. The locations of high alkali feldspar and low plagioclase 
values on their third and fourth-degree surfaces appears to correlate 
with areas distinguished by their composition (rock type) and texture. 
These areas are in the western, northeastern, and southeastern portions 
of the study area (Figure 5 and Appendix C). The agreement of the tex-
tural, compositional, and mineralogical variation in the Dogtooth pluton 
seem to indicate that during crystallization of the pluton plagioctase 
was concentrated in the center of the pluton and alkali feldspar was 
concentrated toward the periphery of the intrusion. The reason for the 
low reliability of the quartz trend surfaces is not known. The correla-
tions between plagioclase and alkali feldspar and quartz and alkali 
feldspar may indicate the effects of different processes (cooling tem-
peratures and water vapor for the feldspars and differentiation for 
quartz and alkali feldspar) on the distribution of threse minerals within 
the pluton. 
Fig. 3. Trend surfaces for Dogtooth pluton. 
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Fig. 4. Compositional variation in the Dogtooth pluton. Gr= 
Granite, Gd= Granodiorite, Qm = Quartz Monzonite, 
Qd = Quartz Diorite, Sy= Syenite, Mo= Monzonite. 
Note: Trondhjemite field overlaps granodiorite and 
quartz diorite fields from approximately 79-95 percent 
p1agioc1ase in total feldspar. 
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ALKALI FELDSPAR 
INTERPRETATION AND DISCUSSION 
Dogtooth Pluton 
The Dogtooth pluton is a subsolvus, syntectonic or posttectonic 
granitic intrusion in the western Superior Province of the Canadian 
Shield. The most significant features of the western portion of the 
Dogtooth pluton are (1) the presence of polycrystalline quartz aggregates, 
(2) the almost total lack of mafic minerals (especially hydrous phases) 
within the pluton, (3) the apparent concentrating of plagioclase in the 
central portion and alkali feldspar on the periphery, on the basis of 
trend surface results, and (4) the presence of texturally and composi-
tional Jy anomalous areas near the periphery of the pluton. The Dogtooth 
pluton is younger than most of the rocks in the area around Longbow and 
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Dogtooth Lakes, with the exception of a few aplltic and pegmatitic dikes. 
The pluton appears to be igneous in origin because of its mineralogy 
(lack of characteristic metamorphic minerals and nearly eutectic composi-
tion in the NaAlSi303-KAlSi303-SiOz system), igneous texture, and its 
crosscutting contacts with other rock units. 
It appears likely that emplacement of the Dogtooth pluton took place 
at catazonal depths (10-18 km, Buddington, 1959). Evidence for this 
depth of emplacement is found in the associated amphibolite facies meta-
morphic rocks, the presence of migmatitic structures in the country 
rocks (similar to the agmatic, phlebitic, folded, and schollen structures 
described by Mehnert, 1969), the lack of a well-developed chill zone, 
and its probable Precambrian age (Buddington, 1959). On the basis of this 
inferred depth 6f emplacement, the maximum water vapor content of a 
granitic magma would be 8-10 percent (Barnes, 1967). In considering the 
crystallization history of this pluton, one must keep in mind that there 
is no apparent mineralogical sink for water available. While there is 
no direct evidence of water saturation, the absence of amphibole and the 
presence of biotite possibly suggests moderate to high water vapor 
pressures (Tuttle and Bowen, 1958). The mafic mineral content of the 
Dogtooth pluton (specifically the lack of biotite) suggests that there 
has been little effective assimilation of the country rocks {mainly am-
phibolite, tonalite, and trondhjemite). 
The average composition of the Dogtooth pluton falls very close to 
the ternary eutectic for the NaA1Si 3o8-KA1Si 3o8-s;o2 system (Carmichael, 
Turner, and Verhoogen, 1974). This suggests that the pluton may repre-
sent the residuum from the magma which intruded the supracrustal volcanic-
sedimentary sequence as the Dryberry dome or possibly the product of 
partial melting of rocks at depth. The composition of the pluton (about 
19 percent alkali feldspar) agrees with the, regional trend of later in-
trusions being more potassic, as most of the country rocks have little 
or no alkali feldspar. Mechanisms involved in emplacement appear to be 
forcible intrusion, stoping, and assimilation. There is little evidence 
for stoping, but with saturation, the Dogtooth pluton could be consider-
ably less dense than the country rocks. Also, along a few contacts, 
xenoliths of the Longbow pluton rocks are seen within the rocks of the 
Dogtooth pluton. There is little evidence of extensive structural de-
formation caused by forcible intrusion, with the exception of highly 
folded zones of migmatitic rocks. Cataclastic and protoclastic effects 
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within the pluton, which seem to evidence both ductile and brittle de-
formation, seem to suggest that the pluton may have been emplaced as a 
crystalline mush (50-60 percent solids). The lack of a well-developed 
chill zone is normal for catazonal depths, which may explain why rocks 
very close to the contact are medium-grained. However, where narrow 
dikes from the Dogtooth pluton intrude joints in the Longbow pluton by 
dilation and/or replacement, they are also medium-grained, suggesting 
that they may have been partly crystalline at the time of emplacement. 
Textural variations within the pluton seem to have been the result of 
interactions of normal crystallization trends, recrystallization by late-
~tage fluids, and cataclastic and protoclastic effects. Although a high 
temperature (regional metamorphic environment is postulated for the 
Dogtooth pluton, at least some of the joints in the Longbow pluton were 
in existence at the time of the emplacement of the Dogtooth pluton. 
Trend surface results seem to indicate a concentration of plagio-
clase in the central portion of tbe pluton and a concentration of alkali 
feldspar on the periphery. The three anomalous areas on the periphery 
are all characterized by higher alkali feldspar content. This distribu-
tion may mean that the central portion of the pluton was emplaced first, 
with later intrusive phases following the contact zones of the earlier 
rocks. 
Taking into account reaction with the country rocks, the melt which 
produced the Dogtooth pluton may have been rich in silica and very near 
the eutectic composition for the granitic system. This may mean that 
quartz, quartz and plagioclase, or quartz, plagioclase, and alkali felds-
par could have possibly been early crystalline phases in the crystalli-
zation history of the pluton. Plagioclase, because of the deformation 
seen in many crystals, appears to be an early phase. The possibility of 
quartz being an early crystal! ine phase is of interest in light of the 
presence of polycrystalline quartz aggregates. The texture of the rock 
around the aggregates is definitely igneous, rather than metamorphic, 
and I ittle recrystallization is apparent. 
Longbow Pluton 
The composition of the Longbow pluton, since it appears to be one 
of the first intrusive units emplaced in the Dryberry dome, may give 
clues as to the nature and origin of the m~gma which produced the batho-
1 ith. Despite the apparent assimilation of large amounts of mainly 
amphibolite country rock, the Longbow pluton still averages about 20 
percent quartz in the samples analyzed. The conversion of nearly all the 
amphibole from the amphibol ite to biotite may be indicative of moderate 
to high water vapor pressures within the magma during emplacement. Thus, 
it appears that the evidence suggests that the magma which produced the 
Longbow pluton was rich in silica, depleted in potassium, and was cha-
racterized by moderate to high water vapor pressures. In anatexis, 
water vapor preferentially enters the liquid phase (Luth, 1969). The 
magma, then, may possibly be the result of anatexis of rocks at depth. 
Emplacement of the Longbow pluton seems to have been quite different from 
that of the Dogtooth pluton. Assimilation and migmatization of the 
supracrustal rocks is very evident. Large, elongate amphibol ite (possibly 
stoped blocks or screens) and evidence of plastic deformation and near-
vertical shearing seem to suggest stoping, migmatization, and assimila-
tion as major emplacement mechanisms. The near-vertical shearing and 
foliation in at least some of the rocks of the Longbow pluton may be due 
to flowage related to the rise of magma during emplacement. 
Jones Road Porphyritic Quartz Monzonite 
The age relationship of the Jones Road porphyritic quartz monzonite 
to the Longbow and Dogtooth plutons is unknown. On the basis of its 
composition (high alkali feldspar content), 'it may be a posttectonic 
pluton associated with the Kenoran orogeny or possibly a later (post-
Kenoran) emplacement entirely unrelated to the batholith. It seems to 
have been emplaced while partially crystalline because of its porphyritic 
texture and evidence of protoclasis. Because amphibole is present as a 
mineral phase, the water vapor pressure of the magma which produced this 
pluton may have been lower than that for the Dogtooth and Longbow plutons. 
Suggestions for Further Studx 
The main suggestion t have for further study in this area would be 
a large mapping project. Short of that, a worthwhile project would be 
to map Dogtooth Lake, where the outcrops are easily accessible by boat. 
Another possibility would be to do detailed mapping in the Longbow pluton-
greenstone belt contact zone to shed more light on the mechanisms of in-
trusion of the batholith. Finally, detailed mapping of isolated plutons 
intruding the greenstone belts would also yield valuable information. 
APPENDIX A 
MODAL DATA FOR DOGTOOTH PLUTON 
Appendix A - Modal Data for Dogtooth Pluton 
Sample Number D-1 D-2 D-3 D-4 0-5 D-6 0-7 0-8 0-9 D-10 
-
Quartz 404 320 291 388 65 322 197 250 295 268 
Alkali Feldspar 1 l I 86 285 77 430 102 293 192 106 219 Plagioclase 402 552 391 491 453 524 447 532 557 479 Biotite 7 12 1 9 1 15 l 2 11 Epidotel 31 1 l 18 16 29 19 31 17 21 6 Seri cite 29 16 14 19 17 16 22 5 16 16 Chlorite 2 1 
Magnetite 12 3 2 1 
V, 
--.J 
Sphene 
Apatite 
Garnet 
Hematite 1 5 3 
Zircon 
Other2 1 6 3 
X Coordinate 38.5 47.0 34.5 43.0 55.5 63.5 69,5 64.5 49.5 77 .5 Y Coordinate 36,5 39.0 33.0 33.0 35.5 19.0 21.0 25,5 36,0 11. 0 
Rock Type3 Gd Gd Qm Gd Mo Gd Qm Gd Gd Gd 
Td Td Td Td 
1includes clinozoisite and allanite 
2ho 1 es in s 1 ides 
3Gd = Granodiorite, Td = Trondhjemite, Qm = Quartz Monzonite, Mo= Monzonite, Sy= Syenite, Gr= Granite. 
Note: Trondhjemite field overlaps granodiorite and quartz diorite fields from approximately 79-95 percent 
plagioclase in total feldspar. 
Sample Number D-11 D-12 D-1 D-14 D-15 D-16 D-17 D-18 D-19 D-20 
--
Quartz 213 318 301 335 287 298 249 273 303 305 
Alkali Feldspar 208 80 136 200 462 181 182 110 2116 103 
Plagioclase 528 565 533 419 231 472 479 595 387 528 
Biotite 13 6 2 3 11 11 3 42 21 
Epidotel 13 16 9 26 18 34 5 19 
Seri cite 20 10 17 7 19 19 36 10 22 22 
Chlorite 1 3 1 1 1 2 
Magnetite 9 1 1 2 
V, 
co 
Sphene 
Apatite 
Garnet 1 
Hematite 3 1 1 7 
Zircon 
Other2 2 1 
X Coordinate 78.0 59.5 65.5 74.5 65.0 69.0 50.0. 44.S 38.S 46.0 
Y Coordinate 16.0 19.5 22.0 30.0 46.0 46.0 26.0 44.o 37,0 29.5 
Rock Type3 Gd Gd Gd Gd Gr Gd Gd Td Qm Td 
Td Td Gd Gd 
lincludes clinozoisite and allanite 
2holes in slides 
3Gd = Granodiorite, Td = Trondhjemite, Qm = Quartz Monzonite, Mo= Monzonite, Sy= Syenite, Gr= Granite. 
Note: Trondhjemite field overlaps granodiorite and quartz diorite fields from approximately 79-95 percent 
plagioclase in total feldspar. 
Sample Number D-21 D-22 D-23 D-24 D-25 D-26 D-27 D-28 D-29 D-30 
--
-~ 
--
Quartz 201 321 404 287 321 356 411 378 275 231 
A I ka 1 i Fe 1 d spar 101 146 68 189 105 170 155 183 185 233 
Plagioclase 637 473 478 478 512 444 355 404 456 484 
Biotite 15 8 11 4 7 Epidotel 8 20 5 15 16 8 29 10 27 15 
Sericite 22 20 29 18 1 44 22 50 25 57 24 Chlorite 3 3 3 4 
Magnetite 1 6 2 1 
Sphene 4 7 2 
Apatite 1 
Garnet 
Hematite 3 
Zircon 
Other2 8 1 
X Coordinate 42.0 42.5 43.5 46.5 39.5 33.5 42.5 40.5 46.5 58.5 
Y Coordinate 37.0 30.0 42.0 33.0 29.0 30.0 27.0 25.0 27.0 27.0 
Rock Type3 Td Gd Td Gd Td Gd Gd Gd Gd Gd 
Gd Gd Gd 
1includes clinozoisite and allanite 
2holes in slides 
3Gd = Granodiorite, Td = Trondhjemite, Qm = Quartz Monzonite, Mo= Monzonite, Sy= Syenite, Gr= Granite. 
Note: Trondhjemite field overlaps granodiorite and quartz diorite fields from approximately 79-95 percent 
plagioclase in total feldspar. 
Sample Number D-31 D-32 D-33 D-34 D-35 D-36 D-37 D-38 D-39 D-40 
Quartz 351 396 301 155 257 325 340 363 245 327 Alkali Feldspar 106 107 132 168 141 185 125 97 176 1 l 2 P1agioclase 503 425 509 613 549 455 497 481 538 486 Biotite 7 13 2 4 2 4 1 l 5 13 Epidotel 16 17 24 43 8 12 5 14 6 19 Sericite 15 14 12 14 39 18 19 24 22 14 Chlori te 5 1 5 1 l 3 20 O" Magnetite 1 1 4 2 2 4 2 0 Sphene 4 3 Apatite 
l Garnet 
Hematite 1 5 I I l 3 Zircon 
Other2 12 10 I 1 7 2 l 3 X Coordinate 58.5 71.0 59.0 67,0 55.0 49,5 77.0 66.o 61.0 64.5 Y Coo rd i na te 36.5 38.o 30.0 28.5 38.o 26.0 13 .o 39.0 39.5 28.0 Rock Type3 Td Td Td Gd Gd Gd Gd Gd Gd Gd Gd Gd Gd Td Td Td Td 
1includes clinozoisite and allanite 
2holes in slides 
3Gd = Granodiorite, Td = Trondhjemite, Qm = Quartz Monzonite, Mo= Monzonite, Sy= Syenite, Gr= Granite. 
Note: Trondhjemite field overlaps granodiorite and quartz diorite fields from approximately 79-95 percent 
plagioclase in total feldspar. 
Sample Number o-41 o-42 o-43 o-44 D-45 D-46 D-47 D-48 D-49 D-50 
-- --
Quartz 292 366 102 272 295 297 190 290 314 351 
Alkali Feldspar 56 501 312 . 265 189 62 187 147 162 177 
Plagioclase 620 120 546 432 497 595 581 508 488 412 
Biotite 3 7 1 4 l 3 7 4 
Epidotel 12 I 19 15 9 23 15 18 15 22 
Sericite 13 5 14 11 9 10 22 22 1 1 20 
Chlorite 2 7 4 6 3 8 
Magnetite 1 1 l 4 Cl' 
Sphene 2 1 2 l 
Apatite 
Garnet 
Hematite 
Zircon 
Other2 5 2 1 5 
X Coordinate 59.0 81.0 84.0 79,0 82.0 78.0 81.0 67.0 72.5 77 .s 
Y Coordinate 34.5 15.0 32.0 32.0 21.0 27.5 31.0 34.5 23.0 21.0 
Rock Type3 Gd Gr Qm Qm Gd Gd Gd Gd Gd Gd 
Td Td 
1includes clinozoisite and allanite 
2holes in slides 
3cd = Granodiorite, Td = Trondhjemite, Qm = Quartz Monzonite, Mo= Monzonite, Sy= Syenite, Gr= Granite. 
Note: Trondhjemite field overlaps granodiorite and quartz diorite fields from approximately 79-95 percent 
plagioclase in total feldspar. 
Sample Number D-51 D-52 D-53_ o-5L1 D-55 D-56 D-57 D-58 D-59 D-6.0 
Quartz 405 256 423 258 294 360 300 259 171 336 
·Alkali Feldspar 78 219 157 173 136 82 221 183 179 162 
Plagioclase 477 462 376 524 544 511 439 525 601 452 
Biotite 7 2 5 4 2 23 16 7 8 9 
Epldote 1 16 24 l l 8 13 7 11 10 16 17 
Seri cite 10 35 19 23 ··16 16 l l 16 24 20 
Chlorite 2 4 3 4 
Magnetite l 5 
Sphene 
Apatite 
Garnet 
Hematite l 2 
Zircon 
1 Other2 2 2 3 1 2 
X Coordinate 54.0 73.0 so.o 55,0 75,5 67.0 73,5 47.0 54.o 66.0 
Y Coordinate 31. 0 37,5 35.0 22.5 33.0 46.o 40.5 39.0 26.5 19.0 
Rock Type3 Gd Gd Gd Gd Gd Gd Qm Gd Gd Gd 
Td Td Td 
1includes clinozoisTte and allanite 
2holes in slides 
3Gd = Granodiorite, Td = Trondhjemite, Qm = Quartz Monzonite, Mo= Monzonite, Sy= Syenite, Gr= Granite. 
Note: Trondhjemite field overlaps granodiorite and quartz diorite fields from approximately 79-95 percent 
plagioclase in total feldspar. 
Sample Number D-61 D-62 D-63 D-64 D-65 D-66 D-67 D-68 D-69 D-70 ~-
--
--
--
Quartz 233 263 243 176 342 278 426 340 322 226 Alkali Feldspar 206 245 108 149 157 189 66 218 64 283 Plagioclase 521 459 613 649 465 494 452 414 550 462 Bioti te 12 14 6 \ 7 16 13 5 28 8 Epidote1 21 12 10 17 14 3 9 2 6 9 Serici te 5 5 23 3 11 12 26 14 27 6 Chlorite 1 1 5 1 1 2 Magnetite 2 3 2 l 1 2 l °' w Sphene 1 1 
Apatite 
Garnet 
Hematite 
Zircon 
Other2 l 5 3 X Coordinate 72.0 72.0 82.0 83.0 77. O 81. 5 33.0 70.0 67.0 67.5 Y Coordinate 32.5 29.5 18.0 30.0 29.5 23.5 34.o 43.0 44.5 25.0 Rock Type3 Gd Qm Gd Gd Gd Gd Gd Qm Gd Qm Td Td Td 
1includes clinozoisite and allanite 
2holes In slides 
3Gd = Granodiorite, Td = Trondhjemite, Qm = Quartz Monzonite, Mo= Monzonite, Sy~ Syenite, Gr= Granite. 
Note: Trondhjemite field overlaps granodiorlte and quartz diorite fields from approximately 79-95 percent 
plagioclase in total feldspar. 
Sample Number 0-71 D-72 D-73 D-7lt 0-75 D-76 0-77 D-78 0-79 D-80 
Quartz 248 464 398 283 220 257 .243 253 234 207 
Alkali Feldspar 147 95 119 144 215 195 238 188 210 228 
Plagioclase 548 401 434 519 520 511 470 511 476 495 
Biotite 15 10 11 9 6 6 3 4 16 14 
Epidotel 10 4 9 7 1 1 17 8 11 19 18 
Seri cite 22 15 12 27 26 9 33 23 28 25 
Chlorite 4 2 4 6 6 2 
Magnetite 1 1 9 6 
Sphene 2 4 O"\ J:-
Apatite 
Garnet 
Hematite 2 3 1 3 
Zircon 
Other2 3 8 12 8 1 2 1 l 4 
X Coordinate 74.o 69.5 62.0 62.5 74.o 61.0 71.0 63.0 64.5 66.o 
Y Coordinate 27.0 24.5 35.0 39.0 13.0 43.0 16.5 40.5 45.0 40.0 
Rock Type3 Gd Gd Gd Gd Gd Gd Qm Gd Gd Gd 
Td 
1includes clinozoisite and allanite 
2holes in slides 
3Gd = Granodiorite, Td = Trondhjemite, Qm = Quartz Monzonite, Mo= Monzonite, Sy= Syenite, Gr= Granite. 
Note: Trondhjemite field overlaps granodiorite and quartz diorite fields from approximately 79-95 percent 
plagioclase in total feldspar. 
Sample Number D-81 D-82 D-83 D-84 D-85 D-86 
--
-
Quartz 380 251 259 32 90 56 Alkali Feldspar 222 216 268 856 668 694 Plagioclase 361 477 448 l O 1 180 200 Biotite 4 10 I 1 J 2 3 Epidotel 9 16 3 4 9 17 Sericite 22 20 7 2 10 11 Chlorite l 1 4 1 2 Magnetite 4 3 24 7 Sphene 2 O" 
V, Apatite 
Garnet 
Hematite 2 2 Zircon 
Other2 l 1 5 10 X Coordinate 72.0 76.o 76.0 36,0 36.5 36.s Y Coordinate 40.0 J 1. 5 18.5 26.0 27.0 26.5 Rock Type3 Qm Gd Qm Sy Sy Sy 
1includes clinozoisite and allanite 
2holes in slides 
3
Gd = Granodiorite, Td = Trondhjemlte, Qm = Quartz Monzonite, Mo= Monzonite, Sy= Syenite, Gr= Granite. 
Note: Trondhjemite field overlaps granodiorite and quartz diorite fields from approximately 79-95 percent plagioclase in total feldspar. 
APPENDIX B 
MODAL DATA FOR OTHER ROCKS IN STUDY AREA 
Appendix B - Modal Data for Other Rocks in Study Area 
Sample Number PA-1 PA-2 L-1B L-7A L-1 L-6 L-3 LC-1 LJ-1 LK-1 
Quartz 208 214 364 336 293 333 290 375 321 322 Alkali Feldspar 259 285 15 30 30 137 277 144 Plagioclase 443 408 428 540 517 584 577 451 322 469 Biotite 34 20 142 71 1 11 45 61 4 19 17 Epidote 48 53 64 30 43 30 34 17 30 18 Sericite 2 6 3 1 8 13 20 30 0-. 
-...i Chlorite 2 l 
Magnetite 2 8 1 .4 3 7 3 3 Sphene 1 2 2 
Apatite l 
Garnet 
Other 1 6 8 Calcite 4 
1 ho 1 es i n s 1 i des • 
Sample Number L-18 L-2 LF-1 LG-1 LE-1 
Quartz 314 238 327 352 336 Alkali Feldspar 9 48 128 285 43 Plagioclase 587 624 517 323 525 Biotite 72 57 26 8 Epidote 8 7 J 4 7 48 Seri cite 7 13 14 l 39 O"\ Chlorite CX> 
Magnetite 3 10 5 Sphene 3 Apatite 
Garnet 
Otherl 
Calcite 
1holes in slides 
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Appendix C - Trend Surface Results 
Trend surface results are contained within the pocket attached. 
There are 18 contoured trend surfaces, 18 residual plots, and 3 plots of 
original data. They are presented in the following order: a'lkali 
feldspar: first~ through sixth degree surfaces, original data plot, 
first- through sixth-degree residual plots, and then the same format is 
fol lov,ed for quartz and pJagioclase. Contours are read in the fol lowing 
manner. The reference contour (indicated on the headings of maps) runs 
along the "letter edge" of the band of dots. From this reference con-
tour each edge of each band of characters represents an increment of one 
contour interval (also shown on the heading). The letter bands proceed 
downward from the reference contour and the number bands upward. If the 
number of contours exceeds the number of characters available to repre-
sent them, the characters are repeated in order. The complete trend 
surface program is stored in the UND Department of Geology library. 
APPENDIX D 
REPLICATE MODAL ANALYSES-DOGTOOTH PLUTON 
(IN COUNTS/1000 COUNTS) 
Sample 
0-29 
0-26 
D-25 
0-51 
D-39 
D-60 
72 
Appendix D - Rep1icate Moda1 Ana1yses-Dogtooth Pluton 
(in counts/1000 counts) 
Quartz P1agioclase Alkali Feldspar 
275 456 185 
301 443 202 
313 409 204 
310 433 191 
313 433 196 
356 444 170 
342 441 175 
345 435 166 
361 432 160 
353 427 181 
321 512 105 
313 540 96 
325 529 103 
318 517 110 
310 531 95 
405 477 78 
396 469 84 
410 482 72 
401 474 81 
392 485 75 
245 538 176 
229 555 164 
251 530 182 
238 541 173 
242 540 183 
336 452 162 
319 481 158 
327 454 165 
341 439 159 
329 460 166 
Other 
84 
54 
73 
66 
58 
30 
42 
54 
47 
39 
62 
51 
43 
55 
64 
40 
51 
36 
44 
48 
41 
52 
37 
48 
35 
50 
42 
54 
61 
45 
73 
Sample Quartz Plagioclase Alkali Feldspar Other 
D-21 201 637 101 61 
211 643 92 54 
209 624 108 59 
195 638 102 65 
192 659 97 52 
D-38 363 481 97 59 
349 496 104 51 
365 489 92 64 
-358 472 102 68 
353 493 98 56 
D-32 396 425 107 62 
402 443 101 54 
389 449 97 65 
385 443 105 57 
393 442 11 O 55 
D-37 340 497 125 38 
329 508 119 44 
348 480 131 41 
339 489 123 49 
345 476 128 51 
APPENDIX E 
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Appendix E - P1agioc1ase Index of Refraction Determinations 
Sample# na ny Sample# ny no. 
D-25 1. 533 1. 543 D-7 1. 547 1. 539 
I. 537 1. 547 1. 550 1. 542 
l. 535 1. 545 1. 552 1 . 543 
I. 533 1. 542 1. 549 1. 540 
1. 536 1. 545 1.547 1 . 538 
D-69 1. 535 1. 546 D-52 1.546 1. 538 
1. 537 1. 547 1. 550 1 • 544 
1. 535 1;546 1. 548 1. 542 
1. 533 1. 542 1. 548 1 . 542 
1. 538 1. 547 1.551 1. 544 
D-81 1. 537 1. 546 D-84 1. 542 1. 533 
1. 538 1. 546 1. 543 1. 535 
1. 534 1. 543 1. 543 1 . 535 
1. 537 1. 547 I. 544 1. 535 
1. 535 1. 545 1. 543 1. 535 
D-16 1. 535 1. 545 0-85 1. 544 1 • 535 
1. 538 1. 546 1. 544 1 . 535 
I. 533 1. 542 1. 544 1 . 535 
1. 535 1. 545 l. 543 l. 535 
1.537 1. 546 1. 543 l .535 
D-35 1. 548 1. 540 L-1B 1 .548 1 • 540 
1.552 1. 544 1. 549 1 . 540 
1. 546 I. 539 1. 555 1. 545 
1. 547 1. 538 1. 557 1 • 546 
1. 548 1.541 1. 553 1 .542 
D-31 1.547 1. 539 L-6 1 .548 I • 540 
1. 550 1. 541 1. 550 1. 543 
1.552 I. 542 1. 555 1. 548 
1. 549 1. 544 1.552 I. 545 
1. 550 I. 539 I .558 I . 549 
D-13 1 . 551 1. 538 L-1 1.546 1. 539 
1. 548 1. 542 1 . 551 1. 542 
1.547 1. 543 1.550 l .542 
1. 546 1. 542 l. 548 l .540 
1. 548 l.540 1 . 551 l.543 
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